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2° 40', at approximately 20°, measured from center of halo, above or below the parhelion, owing to direction of tip.
Vibrations of the principal axis in intermediate planes give images, of course, in intermediate positions, so that the total effect, when the elevation of the sun is 30°, may be somewhat as represented in Fig. 198, in which tilting is supposed to be restricted to 30° and less from the vertical.
In this figure, PP are the parhelia of 22°, aa} bb, and cc the outlines of the images corresponding to minimum refraction when the principal axis is oscillated in a vertical plane through the sun, true tangent arcs; at 45°, roughly interpolated, to this sun plane; and at 90° to it, respectively.
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FIG. 198.—Arcs of Lowitz, crystals vibrating at random.
It will be noticed that this light, nearly always too faint to be distinguished from the general glare, would be more concentrated, if the orientation of the ice crystals were fortuitous, which, presumably, often is the case, and consequently brighter below the parhelia than above them. Hence, because of limited tilting, as above explained, and because of the greater concentration of light in its lower branches, this halo, whenever seen at all, appears as short arcs including the parhelia and extending mainly below them. In fact, Pernter's theory, alone, does not seem to afford an adequate explanation of all the observed forms of the Lowitz arcs, and several investigators have attempted to identify them with arcs produced by other modes of tipping of the crystals.1
Tangent Arcs of the Halo of 22°.—Obviously, when the sun is on the horizon, ice crystals whose principal axes lie, or oscillate, in hori-
1 FUJIWHARA and OTI, Bull. Central Meteorol. Obs., 3; No. 1, 1919; FUJIWHARA and NISIMURA, Geophys. Mag., 1; 28, 1926.

